In previous papers (2, 3) it was suggested that 2 endogenous circadian rhythms were associated with the photoperiodic response of Pharbitis; one was initiated by the beginning of the light period (lighton signal) and the other was initiated by the beginning of the dark period (light-off signal). Both of these rhythms had alternate phases of sensitivity to light; during 1 phase red light was inhibitory to flowering and during the other phase red light could be stimulatory. Since even a brief period of illumination gives the plant both a light-on and light-off signal the question arises as to whether or not the intensity of the light and the duration of the photoperiod affects the intensity or effectiveness of the 2 rhythms produced. Furthermore, if light is given during the dark period out of phase with the rhythm which had been induced by prior treatment, how much light is required to interfere with or damp that preinduced rhythm ?
Materials and Methods
Seedlings of Pharbitis nil, strain Violet, were used for all experiments. Experimental methods and procedures were quite similar to those described in previous papers (2, 3) . In all of the experiments presented here, plants were exposed to continuous illumination at 200 before the experimental treatments.
Experimental Results
Plants were subjected to a 48-hour dark period, and 2 red light interruptions were given at different times in the dark period (fig 1-4) . Exposure time to red irradiation was 5 minutes and its intensity was about 3300 ergs/cm2 per sec. When the first red light interruption was given 4 hours after the beginning of the dark period (fig 1) figure 2 , where the first red light was given for only 5 minutes. However, in this experiment the flower promotive effect of the second red light was not as strong as that shown in figure 2 .
In all of the experiments mentioned above, the length of the dark period was 48 hours. In the following experiments plants were subjected to 36-, 42-, and 72-hour dark periods and exposed to the first red light (5 min) 8 hours after the beginning of the dark period followed by a second red light interruption (5 min) applied at different times (fig 6-8 
TAKITMOTO AND HAMNER-DOUBLE RED LIGHT INTERRUPTION Discussion
In previous papers (2, 3) it has been suggested that there are at least 3 kinds of timing mechanisms in the photoperiodic response of Pharbitis nil. The first timing component shows an hourglass type of response in that a linear increase in the flowering response results with increasing duration of the dark period. This component is very sensitive to temperature. The second component is a circadian rhythm (the light-on rhythm) which is initiated by the beginning of the light period, and for which the temperature sensitivity has not been determined. The third component is also a circadian rhythm (the light-off rhythm) which is initiated by the onset of darkness. This component is temperature-insensitive, and has a maximum inhibitory effect 8 hours after the onset of darkness.
In the present experiments all plants were kept under continuous light before the main dark period, i.e., no light-on signal had been given before the dark period. Therefore the effect of the red light interruption may be controlled only by the light-off rhythnm and the hourglass component. However, when double red light interruptions were given, one might expect that the first red light interruption resets or initiates some timing mechanism which may control the effect of the second red light interruption. In the present experiments, however, whenever the first red light was given, the second red light applied in an inhibitory phase of the light-off rhythm (6-12-hour points) was inhibitory to flowering, and that given in a stimulatory phase (16-24-hour points) was promotive to flowering. These phenomena suggested that the effect of the second red light is mainly controlled by the light-off rhvthm which is initiated at the beginning of the dark period and not by the first red light. The light-off rhythm may still persist after the first red light interruption, and the effect of double red light interruptions is mainly controlled by the second red light. When the first red light was given at the 4-hour point, the second red light was not promotive to flowering at the 16-to 24-hour points, but this phenomenon will be discussed later.
In a previous paper (3) 16 hours. This inhibitory phase falls on the stimulatory phase of the light-off rhythm which is initiated at the beginning of the dark period. Thus, the stimulatory effect of the second red light at these points may be depressed.
In all of the experiments the second red light given during the last 20 hours of the dark period inhibited flowering with a maximum at about 16 hours before the end of the dark period. Furthermore, the second red light given about 16 hours after the first red light interruption showed some inhibitory effect, i.e., curves in all figures have small dips at these points. Five minutes of red light is assumed to initiate some process (rhythm ?) which has a red sensitive phase with a maximum 16 hours after the red irradiation. When a second red light or the following light period is given in this phase the flowering response may be inhibited. The nature of this process is unknown.
All of the curves in figures 2, 3, 5, 6 and 7 have a peak 16 to 20 hours after the beginning of the dark period; however, they also show a small peak a few hours after the first red irradiation. The 2 red lights given very close together may have some special interaction, or the first red light given at the 8-or 12-hour points may impose some shock on the light-off rhythm. The details are unknown.
In all of these curves, except for figure 4, the maximum amount of flowering did not reach that of the dark control. Furthermore, in all of these curves, except for figure 4, the first red light interruption was given during an inhibitory phase of the endogenous rhythm, namely between 4 and 12 hours. When the first red light is given during the inhibitory phase a slowdown in the rate of some essential reaction presumably takes place, and the rate of this reaction may not be restored until the endogenous rhythm passes into the promotive phase. In the meantime a period of time has elapsed during which the slow reaction was proceeding and the loss of product which results from this slowdown may not be restored by simply restoring the rate of the reaction. In other words the final results may never reach that of the dark control. In the case of figure 4 the first red light interruption occurred at just the beginning of the promotive phase of the rhythm and, therefore, the first red light interruption did not decrease flowering as compared to the dark controls to any great extent. The second red light ilnterruption which also came during the promotive phase actually increased flowering above the (lark control. In addition one mlay contrast figure 1 with figures 2, 3 , 5, 6, 7 and 8. In all of the latter cases the second red light interruption increased flowerinig when given during a promotive phase of the rhythm or, as would be more accurately stated, the second red light interruption removed some of the inhibitory effect of the first red light treatment. In figure 1 , however, where the first red light interruption was given 4 hours after the beginining of the dark period, a second red light interruiption, even though given during the promotive phase of the rhythmii, di(d not promiiote flowering significantly above the level of that produced by the single interruption. This is presumably because the first red light interruption occurred so early in the dark period and so much time elapsed before the promotive phase was reached that the second interruption had little effect.
In considering these results in their entirety it is difficul;t to conclude that rates of change of phytochrome is an essential factor in determining the time measurement of photoperiodism in plants (1) . One would expect that each red light treatment would bring about a conversion of phytochrome from the red absorbing form to the far-red absorbing form.
Since in each experiment the total length of the dark period is the same for all treatments it does not seem to us that the phytochrome theory can possibly explain the shapes of the curves actually obtained.
Summary
Seedlings of Pharbitis nil, strain Violet, grown under continuous illumination were subjected to a single dark period of from 36 to 72 hours and exposed to 2 red light interruptions of 5 minutes, each given at different tinmes. Irrespective of when the first red light was given the secolnd red light given at the 6-to 12-hour points was inhibitory to flowering and that given at the 16-to 24-hour points stimulated flowering. The effect of the second red light is closely related to the time from the beginning of the dark period and not to the time from the first red light interruption. This suggests that the timing nmechanisnm which is initiated at the beginning of the dark period still persists after the first red light interruption.
Whenever the first red light was given and also irrespective of the length of the dark period, the second red light applied in the last 20 hours of the dark period inhibited flowering with a maximum about 16 hours before the end of the dark period. There is some interaction between the red light interruption and the following light period.
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